This paper explores the dependence of emerging European stock markets (Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania, Russia, Turkey and Ukraine) on global risk factors (changes in gold prices, US implied volatility index and oil prices) based on daily data from 6 January 2004 to 31 December 2013. We employ a quantile regression model to analyse how the global factors affect stock returns under different market circumstances, such as bearish (lower quantiles), normal (intermediate quantile) and bullish (higher quantiles) times. Empirical results reveal that the response of stock markets is heterogeneous; larger equity markets, such as Poland, Russia and Turkey, are highly sensitive to the global factors while Bulgaria is the least sensitive. Overall, the dependence on gold and oil prices is positive while the dependence on US stock market uncertainty is negative. Additionally, in most of the cases, the dependence intensifies during bear market conditions, in which stock prices fall.
Introduction
In recent years, emerging equity markets have attracted the interest of international investors who wish to exploit profits from portfolio diversification. Global investors headed towards emerging European economies to avoid potential losses due to financial crises and adverse economic conditions in Asian and Latin American countries in the late 1990s (Demiralay and Bayraci, 2015) . Privatisation and liberalisation reforms, particularly after the fall of communism and the socialist regime in Central and Eastern European (CEE) countries, have opened the door to new investment opportunities. Furthermore, financial integration has played a key role for the development of stock exchanges in emerging markets by allowing a more efficient allocation of resources and improving risk sharing. 1 Equity market integration may also contribute to the synchronisation of economic activity 1 As stated by Coeurdacier et al. (2015) , capital flows from capital-abundant to capital-scarce economies increase welfare since the marginal product of capital is higher in the latter than in the former, allowing a more efficient saving allocation towards the most productive use. Financial openness also enables countries to diversify idiosyncratic shocks away.
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(business cycle). 2 However, as a result of globalisation and the integration process, they have become more fragile to global shocks.
In existing empirical finance literature, some scholars examine the impact of global risk factors, such as variations in gold prices, stock market uncertainty and oil prices, on equity returns (Mensi et al., 2014; Naifar, 2016; Mensi et al., 2016) . Previous related studies mostly concentrate on the largest emerging economies, such as BRICS countries (Brazil, Russia, India, China and South Africa). However, given the rapid economic growth and increasing investment flows in emerging European countries, analysing how stock markets in these countries react to global factors is highly important for international investors, portfolio managers and policy makers.
This study examines the effects of global risk factors on stock returns of nine emerging European countries (Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania, Russia, Turkey and Ukraine). The global risk factors include the gold prices in USD per ounce, the implied volatility index (VIX) of the Chicago Board Options Exchange (CBOE) and the crude oil price in USD per barrel. The main motivation for the selection of the global risk factors arises from the fact that gold and oil are heavily used by international investors for hedging and diversification purposes. In addition, US stock market (S&P 500) uncertainty represented by the VIX significantly affects investors' risk perceptions. The quantile regression (QR) technique is conducted to model the dependence structure between emerging European stock returns and global risk factors. The QR method enables us to empirically investigate the conditional dependence of different quantiles of emerging markets' stock returns in Europe with regard to the risk factors. In this context, the QR technique is highly useful for our study as it allows us to examine the reaction of emerging markets to the global factors under different market conditions, such as bearish (lower quantiles), normal (intermediate quantile) and bullish (higher quantiles) times.
Our overall results suggest heterogeneous sensitivity of stock markets to the global risk factors; stock returns of larger countries, such as Poland, Russia and Turkey, are highly dependent on global risk factors. The dependence structure is asymmetric in some cases; the significance and magnitude of the coefficients vary across quantiles of the conditional distribution. The overall results suggest that the emerging European stock returns are positively dependent on gold and oil price changes while they are negatively affected by VIX changes. Furthermore, most of the quantile parameters are larger in magnitude at lower quantiles compared to upper quantiles, showing that the dependence gains intensity when the stock markets are bearish.
Our main contribution to the existing literature is twofold. First, this study investigates the dependence of emerging European stock market returns on global risk factors as previous relevant studies mostly focus on developed markets or large emerging markets, such as BRICSs. Second, we analyse the dependence structure within the QR framework, which allows us to model the co-movement dynamics under changing market circumstances.
2
For studies investigating the links between financial integration and output synchronisation, see among others Imbs (2006) , Claessens et al. (2012) and Dées and Zorell (2012) .
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In this regard, our results from this research are of particular importance for international investors and policy makers. The results provide implications for investors in terms of hedging and diversification opportunities under different market conditions. For policy makers and authorities, understanding the sensitivity of stock returns to global factors may help formulating optimal policy decisions with regard to implementation of regulatory measures in mitigating the adverse effects of global shocks.
Background and Brief Literature Review
In the existing literature, previous works mostly focus on the links between only one global risk factor and developed/large emerging stock markets. A few studies analyse the dependence structure between multiple risk factors and stock returns. In their seminal paper, Mensi et al. (2014) examine the impacts of global factors (changes in S&P 500 stock index, gold, oil, VIX and US economic policy uncertainty) on stock returns in BRICS countries by employing the QR method. Their results show that BRICS stock markets display dependence on the global factors, except US economic policy uncertainty. In another study, Mensi et al. (2016) analyse the asymmetric dependence between BRICS equity markets and country risk ratings in the presence of global factors. Their findings show that oil and gold markets positively affect the BRICS market performance while increases in the VIX index cause reductions in BRICS stocks. The effect of gold price changes on stock returns is widely investigated by various researchers (El Hedi Arouri et al., 2015; Baur and Lucey, 2010; Baur and McDermott, 2010; Ciner et al., 2013; Hood and Malik, 2013; Gürgün and Ünalmış, 2014; Lucey and Li, 2015) . The general perception of gold among investors is that it is a safe haven asset in times of market turbulence. Under adverse stock market conditions, investors switch their portfolios from risky equities towards safer gold investments, leading to higher demand for gold and rising gold prices. Baur and McDermott (2010) define a strong (weak) safe haven asset as "an asset that is negatively correlated (uncorrelated) with another asset or portfolio in certain periods only, e.g., in times of falling stock markets." They test the safe haven property of gold against stock markets of major developed and emerging countries. Their results suggest that gold is a hedge (negatively correlated with other assets on average) and a safe haven for the majority of the developed markets but not for large emerging markets such as BRIC countries. Baur and Lucey (2010) analyse the safe haven property of gold for German, UK and US stocks and demonstrate that gold is a safe haven asset. They also perform a portfolio analysis and find that the safe haven property of gold is short-lived at around 15 trading days.
The US volatility index (VIX) is a popular barometer of near-term volatility on the US market as it reflects price expectations in the future. The VIX is computed on a real-time basis using the implied volatility of a wide range of S&P 500 call and put options. The VIX is generally referred to as the "investor fear gauge" since studies show that higher VIX values coincide with market turbulence episodes (Whaley, 2000; . The VIX index is also commonly used as a proxy for risk aversion and market uncertainty (Bekaert et al., 
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2013; Bloom, 2009) . Despite the importance of the VIX, its effects on foreign stock markets have received relatively little attention compared to the other risk factors in the empirical literature. Giot (2005) examines the relationship between implied volatility indices and stock markets for S&P 500 and Nasdaq 100 and reports a strong negative link. Sarwar (2012) analyses the intertemporal relationships between the VIX index and stock returns in the US and BRIC countries. The empirical findings provide evidence that the VIX is not a fear measure only for the US equity market but also for the markets of China, Brazil, and India. Tsai (2014) studies the volatility spillover effect on stock markets of five developed countries (France, Germany, Japan, US and UK). The findings indicate that the spillover effect is significantly correlated with the VIX index, suggesting that US stock market sentiments may spread to the studied markets.
Oil prices have significant repercussions on global economic activity and thus exert an influence on stock markets. Theoretically, an increase in oil prices leads to higher input costs and negatively affects firm earnings, which depresses share prices. Increases in oil prices also affect the production costs of many consumption goods and hence the overall consumer price index (CPI). Central banks, consequently, increase interest rates to offset inflationary pressures. Higher interest rates cause lower stock prices as interest rates have a direct impact on discount rates used in the standard equity pricing formulation. Some scholars provide evidence of negative oil effects on stock returns (Jones and Kaul, 1996; Filis and Chatziantoniou, 2014; Driesprong et al., 2008, Lee and Chiou, 2011) . On the other hand, some researchers find that oil price increases may positively affect stock market performance, especially in emerging markets (Aloui et al., 2013; Narayan and Narayan, 2010; Cong et al., 2008; Lin et al., 2014; Zhu et al., 2016) . The scholars assert that the potential reason behind the positive impact is the rapid economic growth in developing economies during the recent years. Higher energy demand in developing countries causes an increase in oil prices. Therefore, despite the a priori belief that higher oil prices lead to lower stock prices, economic achievements and rapid growth in developing countries would offset the negative impacts of oil price changes.
Methodology and Data

Empirical model
We conduct the Quantile Regression (QR) technique proposed by Koenker and Bassett (1978) , which is a robust alternative to the least square estimator for the linear regression model. The Ordinary Least Square (OLS) method only estimates the mean value of the dependent variable for the given independent (exogenous) regressors and does not consider different quantiles of the conditional distribution of the dependent variable. In contrast, the QR model gives us a complete picture of the conditional distribution and allows us to analyse asymmetric linear dependence as it produces a set of regression curves that differ across distribution quantiles (Mensi et al., 2014) . Besides, compared to the OLS estimations, the QR predictor is more robust to the existence of outliers, skewness and heteroscedasticity (Koenker and Hallock, 2001) .
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Let Y be a dependent variable (stock returns) and linearly dependent on a set of exogenous variables (changes in gold prices, oil prices and VIX in our case). The conditional distribution function of Y is the function F given by ( )
By taking a random sample y 1 , y 2 , y 3 , …, y k with the empirical distribution function
, the empirical unconditional quantile function can be written as:
In this case, the quantile regression model can be specified as follows:
where X is the vector of exogenous variables, 0 < τ < 1, Q y (τ│X) represents the τ-th conditional quantile of Y and β(τ) is the model parameter to be estimated in the QR model. The τ-th sample quantile can be written as the solution to the minimisation problem:
with the check function that splits the error terms into positives and negatives:
As stated by Mensi et al. (2014) and Reboredo and Uddin (2016) , the dependence structure of stock returns based on a particular exogenous variable (risk factors in our case) can be (1) constant when β(τ) coefficients do not change across τ; (2) monotonically decreasing (increasing) when β(τ) coefficients decrease (increase) across τ; (3) symmetric (asymmetric) when β(τ) coefficients are similar (different) for low and high quantiles.
The quantile regression equations are estimated at τ = 0.05; 0.1; 0.25; 0.5; 0.75; 0.9; 0.95. In order to ensure that the statistical inference is valid, the pairs bootstrapping by Buchinsky (1995) is used to compute the standard errors given that the errors produced with this method are asymptotically valid under heteroscedasticity and misspecification. This method of bootstrapping includes drawing pairs with replacement from the sample, each with equal probability (Chevapatrakul, 2015) . The Monte Carlo simulation results documented by Buchinsky (1995) suggest that the pairs-bootstrap estimator produces the best results.
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The data used in this paper are the daily equity returns from 6 January 2004 to 31 December 2013. 3 The data set includes the stock indices of Bulgaria (BSE SOFIX), Croatia (CROBEX), the Czech Republic (PX), Hungary (BUX), Poland (WIG), Romania (BET), Russia (RTSI), Turkey (BIST) and Ukraine (PFTS). The global risk factors consist of gold price per ounce, Brent crude oil per barrel and implied volatility of the S&P 500 stock index measured by the VIX index. For all the variables, we compute the continuously compounded log-returns. 4 The descriptive statistics are reported in Table 1 . Based on the results, it is apparent that the daily mean stock market returns are positive for the entire sample period. The Romanian stock exchange provides the highest average return during the study period, while the lowest mean return is observed for the Bulgarian market. Among the risk factors, gold and oil give positive returns and the VIX has a negative mean value. In terms of risk profiles measured by standard deviations, the Russian stock market is the most risky whilst the Polish market poses the lowest risk. Therefore, the summary statistics demonstrate the heterogeneity of the sample stock markets with regard to risk-return assessment.
From Table 1 , non-normality of the time series is also evident. The skewness values are all negative, except oil and VIX. This suggests that the probability of having a positive return is lower than the probability of getting a negative return for the whole study period. The kurtosis values are all greater than three, indicating larger peaks than a normal distribution would have. Thus, the higher moment statistics imply that the variables have fat tails with large peaks. The non-normality is also verified from the JB test statistics. The statistics indicate that the normality assumption is rejected at the 1% significance level. In addition, the ADF tests are employed for the presence of a unit root in the time series.
5 As shown in Table 1 , the null hypothesis of a unit root is rejected at the 1% level and hence the variables are stationary and appropriate for further econometric modelling.
The summary statistics related to the non-normality of stock returns support the implementation of QR modelling. Given that the variables are non-normal, the impacts of the global risk factors on stock returns can be asymmetric and non-linear. In Figure 1 , the quantile-quantile (QQ) plots for the data are presented to analyse how distribution can change across quantiles. The charts in Figure 1 show that none of the series display a good fit to normal distribution and justify that quantile regression can provide more efficient estimates to examine the dependence structure.
3
The data are extracted from Bloomberg.
4
The log-returns are calculated as r it = log (P t /P t−1 ) * 100, where r it is the continuously compounded return of the market i at the time t, and P it represents the stock price of the market i at the time t.
5
For more details on unit-root properties of autoregressive time series processes, see Dickey and Fuller (1979) . 
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Empirical Results and Discussion
In this section of the paper, the empirical results are presented and discussed. Table 2 reports the estimation results.
6
Regarding the effect of gold returns, the empirical findings in Table 2 indicate that gold price variations positively affect most of the emerging market returns in Europe. However, the significance and magnitude of the parameters vary across quantiles of the conditional distribution. In some cases, the significant coefficients are found in the intermediate and the upper quantiles, as in the case of Bulgaria (τ 0.25 − τ 0.5 ), the Czech Republic (τ 0.25 − τ 0.9 ), Hungary (τ 0.25 − τ 0.95 ), and Romania (τ 0.5 − τ 0.95 ). This suggests an asymmetric comovement structure with independence in lower tails and dependence in intermediate and higher tails. As for Ukraine, the quantile parameters are statistically significant at lower 6 The Wald tests are also performed to assess whether quantile coefficients are statistically different. We conduct the F-tests for all the models across examined quantiles. For the sake of brevity, we do not exhibit the test results; however, the Wald test findings are available upon request. , showing that gold prices affect the Ukrainian stock returns mostly during bearish periods. Gold returns do not influence the Croatian stock returns. The results for Poland, Russia and Turkey demonstrate that gold returns have a significant impact for almost all quantiles of the return distributions, providing evidence that extreme gold price fluctuations considerably influence these stock prices during bear and bull market conditions. The highest quantile parameters are found for τ 0.05 in Poland and Russia and τ 0.25 in Turkey. Therefore, the dependence intensifies during bearish market episodes in these countries. The quantile regression results point out an interesting connection between the emerging markets and gold returns. Intrinsically, gold is perceived as an alternative quality asset that is negatively correlated with stocks during periods of falling stock prices (Baur and McDermott, 2010; Hood and Malik, 2013; Baur and Lucey, 2010; El Hedi Arouri et al., 2015) . In this context, gold is a unique and safe haven asset that limits portfolio losses at times of market distress. However, our results are in line with findings of Baur and McDermott (2010) in that gold is not a refuge asset for emerging markets and global investors do not gravitate towards gold investments even at times of falling stock markets. As suggested by Baur and McDermott (2015) , even severe losses in emerging markets may not induce investors towards the safe haven as market participants respond differently to external shocks in developing economies. Instead, investors may prefer shifting their portfolios towards safer developed stock markets during market turbulences. Another potential reason behind the positive impact of gold on emerging markets is that the safe haven feature of gold is short-lived. Baur and Lucey (2010) document that gold acts as a safe haven asset for a short time of around 15 trading days.
As for the impacts of implied volatility on the US equity market, the empirical results show significant and negative quantile coefficients in all the countries except Bulgaria. The model parameters are almost all statistically significant, showing that US implied volatility is an important determinant of emerging stock returns in Europe. Most of the quantile parameters are found to be larger in magnitude in lower quantiles compared to upper quantiles, suggesting an asymmetric dependence structure. The dependence gains intensity when the stock markets are bearish.
The VIX as a measure of the implied volatility of S&P 500 options reflects near-term risk expectations of investors. When option premiums are high, investors predict higher volatility, which leads to increased fear and anxiety among stock investors. Therefore, in bearish market conditions, market panic causes higher demand for put options as a hedge against stock price declines and higher VIX values (Naifar, 2016) , which is consistent with the negative dependence between implied volatility and emerging market returns. From a different viewpoint, our analysis documents spillover of fear and anxiety resulting from the US market to emerging European stocks. As empirically reported in Tsai (2014) and Mensi et al. (2014) , fear on the US market can spread to other countries. In our case, the possibility of a financial recession in the US adversely affects investor sentiment and risk perceptions towards the emerging markets under investigation.
As can be seen from the empirical results, oil prices have a statistically significant and positive impact on the distributions of emerging stock returns in Europe. The largest coefficients are found in lower quantiles, except Hungary and Romania, suggesting an asymmetric tail dependence structure and a higher level of co-movement during bearish market episodes with low expected returns. The dependence loses intensity during normal times with average returns while there is relatively increased dependence during bull markets with high expected returns.
There is an ongoing debate on the sign of the relation between oil prices and stock returns. The empirical findings in the existing literature are mixed due to the nature of oil shocks (demand-side and supply-side shocks) and country characteristics (oil-importing and oil-exporting). Our results are inconsistent with the mainstream theoretical expectation that oil prices exert a negative influence on stock returns as found in some studies, such as Jones and Kaul (1996) , Driesprong et al. (2008) , Filis (2010) and Lee and Chiou (2011) . However, our findings support the results of Narayan and Narayan (2010), Lin et al. (2014) and Tsai (2015) in that higher stock prices are accompanied by higher oil prices. This empirical finding may be attributed to economic growth dynamics in the studied emerging markets; growth of the developing economies may offset the negative influence of adverse oil price changes even in bear market conditions. Furthermore, oil price increases are sometimes associated with a booming economy; higher global demand for oil accelerates economic activity, which also increases the demand for production factors such as labour. The economy is stimulated by higher wages and increased spending, contributing to the economic growth and hence higher stock prices. More clearly, as stated by Kilian and Park (2009) , higher oil prices due to an unexpected global economic expansion may positively drive stock returns since a positive shock to the global business cycle stimulates economic activity and the same shock drives both oil prices and stock returns. Our findings are also consistent with those provided by Aloui et al. (2013) , who document a positive effect of oil price changes on six CEE countries' stock returns. They highlight the importance of the global business cycle; both oil price and stock returns are cyclically and strongly related to global business performance.
The empirical findings of this study have crucial implications for portfolio management and risk modelling. The emerging stock market returns in Europe are positively related to gold price changes, which casts doubt on gold's ability as a safe haven asset. Moreover, oil price variations have contagious effects as the dependence between the sample markets and oil prices is very strong and highly positive. In this regard, gold and oil cannot provide additional protection for investors at times of falling stock returns. Expected financial market uncertainty measured by the VIX negatively affects the stock returns, suggesting that the emerging equity markets experience declines when US risk aversion increases. Therefore, constructing a portfolio with the sample markets may not be optimal given that potential diversification benefits can diminish when global risk factors are considered. 
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Bulgaria
Conclusion
This study analyses the sensitivity of emerging European stock markets to global risk factors. The market data set includes the stock indices of Bulgaria, Croatia, the Czech Republic, Hungary, Poland, Romania, Russia, Turkey and Ukraine. The global risk factors consist of changes in gold prices, the US implied Volatility Index (VIX) and oil prices. The quantile regression method is employed to analyse how the dependence structure between emerging European equity returns and global factors changes during bull and bear market conditions. The empirical results suggest that the structure and degree of dependence change across emerging markets. Market returns of larger emerging economies such as Poland, Russia and Turkey are found to be highly sensitive to global risk factors, while smaller markets such as Bulgaria and Croatia are the least sensitive. Therefore, it is clear that larger emerging markets in Europe are more prone to shocks originating from the global risk factors. The dependence structure is asymmetric in some cases; the significance and magnitude of the model parameters vary across quantiles of the conditional distribution.
The empirical findings show that gold price changes positively affect most of the emerging market returns in Europe, which casts doubt on the safe haven property of gold. Regarding the effects of US equity market uncertainty represented by the VIX, significant and negative quantile coefficients are reported for all the countries except Bulgaria, which indicates that fear and anxiety on US financial markets can spread to emerging European stock markets. As for the oil impact, the results reveal that the dependence of emerging markets on oil price variations is positive, implying that rapid economic growth of the emerging European countries in recent years and global business cycle synchronisation may offset the negative effect of oil price changes. Additionally, our empirical findings demonstrate that, in most of the cases, the dependence gains intensity during bearish market episodes with low expected returns.
